The strength of the Zeeman splitting induced by an applied magnetic field is an important factor for the realization of spin-resolved transport in mesoscopic devices. We measure the Zeeman splitting for a quantum point contact etched into a Ga 0.25 In 0.75 As quantum well, with the field oriented parallel to the transport direction. We observe an enhancement of the Landé g-factor from |g * | = 3.8 ± 0.2 for the third subband to |g * | = 5.8 ± 0.6 for the first subband, six times larger than in GaAs. We report subband spacings in excess of 10 meV, which facilitates quantum transport at higher temperatures.
device.
1,2 The Zeeman spin-splitting is given by ∆E z = g * µ B B, where g * is the effective Landé g-factor and µ B is the Bohr magneton. Since the strength of the spin-splitting is governed by g * , narrow band-gap materials with a large g-factor such as GaInAs or InAs are highly desirable in the quest to develop electronic devices that require only the smallest magnetic fields to achieve spin-functional operations.
The small band-gap in the Ga x In 1−x As material system makes a large g-factor possible due to mixing of the conduction band electron states with valence band states. For example, in GaInAs quantum wells, g-factors ranging from 2.9 to 4.4 have been measured 5, 6, 7, 8 -an order of magnitude larger than in equivalent GaAs quantum wells. 6, 9 It is thus interesting to know how the g-factor in lower-dimensional structures will behave, because the additional confinement alters the coupling between the conduction and valence bands. In both n-type and p-type GaAs quantum point contacts (QPCs), the confinement of electrons to a quasione-dimensional (quasi-1D) system can lead to an enhancement of |g * | by as much as a factor of two over its 2D value, with the enhancement increasing as the 1D confinement is strengthened. 10, 11, 12, 13 Unexpectedly, the only measurement to date of the g-factor in a GaInAs QPC 8 gave |g * | ≈ 4 in the 1D limit, showing no clear enhancement over the value of |g * | obtained in the 2D reservoirs adjacent to the QPC.
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In this letter, we use parallel field measurements (oriented in the plane of the quantum well along the QPC) to study how the strength of the 1D confinement affects the spinsplitting in an etched Ga 0.25 In 0.75 As QPC. In contrast to the measurements obtained using perpendicular fields by Schäpers et al., 8 we observe a clear enhancement of the g-factor in the 1D limit of our device. Our result is consistent with the 1D enhancement observed in GaAs QPCs, which was also measured using parallel field techniques. 10, 11, 12, 13 The key difference between our measurements and those of Reference 8 is the field direction, and we use this to explain why 1D g-factor enhancement was not observed in their study.
Our QPC is etched into a GaInAs/InP modulation-doped heterostructure, where a 2D electron gas (2DEG) is confined to a 9 nm thick Ga 0.25 In 0.75 As quantum well. subband edges, corresponding to the rises between conductance plateaux where dG/dV g is maximum. The spin-splitting ∆E z increases with applied magnetic field, which is observed as an increasingly large splitting δV g between the bright regions in Fig. 1(a) .
Unfortunately, the splitting ∆E z cannot be obtained directly from Fig. 1(a) , which only gives δV g . To calculate the g-factor, it is necessary to convert δV g into the subband energy scale, which is achieved by measuring the splitting in gate voltage due to an applied d.c. source-drain bias V sd . We do this using the method developed by Patel et al. 10 that combines measurements of the splitting due to the field δV g /δB ( Fig. 1(a) ) with measurements of the splitting due the source-drain bias δV g /δV sd to give the absolute value of the g-factor:
The source-drain bias measurements are shown in Fig. 2 , where the transconductance dG/dV g is plotted as a function of V g and V sd at B = 0 (data have been corrected for the d.c. bias dropped across the series resistance). Similar to Fig. 1(a) , the light regions correspond to the transitions between 1D subbands (large dG/dV g ), marking the 1D subband edges. As the applied bias V sd is increased, the subband transitions (light regions) split in gate voltage by δV g , and conductance plateaux at half-integer 2e 2 /h appear between the split transitions. 16, 17 Since the splitting δV g is directly proportional to eV sd , the energy scales associated with δV g in Fig. 2 are obtained by calculating eδV sd /δV g .
16,17
The transconductance maxima in Fig. 2 cross when the applied source-drain bias is equal to the subband spacing: ∆E n,n+1 = eV sd , 16, 17 allowing the subband spacing to be directly extracted from Fig. 2 . Values of ∆E n,n+1 calculated from these crossing points are listed in evolves into plateaux with G ≃ 0.85(2e 2 /h) at finite source-drain bias. In Fig. 2 , we observe similar 'shoulder' plateaux with G ≃ 0.8(2e 2 /h), despite there being no clear 0.7 feature at V sd = 0. Oscillatory structure is also observed on the conductance plateaux in Fig. 2 , which has recently been linked to standing waves in the QPC 19 and will be discussed elsewhere.
The Zeeman energies ∆E z and g-factors are calculated using Equation (1) and the data extracted from Figs. 1 and 2. The splitting rates δV g /δB and eδV sd /δV g are listed in Table I .
The Zeeman splitting of the 1D subbands ∆E z is plotted against B in the inset of Fig. 3 , demonstrating a linear relationship for B 3 T where the subband transitions are clearly resolved. Although the linear fits for the first two subbands do not extrapolate to zero at B = 0 (due to the presence of the 0.7 feature and its analog at 1.7), still the g-factor can be extracted for each subband using Eq. (1). 10, 11 The values of |g * | are plotted as a function of n in Fig. 3 . For the n = 2 and n = 3 subbands, we find that |g * | falls within the range previously reported for 2D Ga x In 1−x As systems. This is a non-physical result, since the addition of 1D confinement to a 2D system in a perpendicular field cannot decrease the energy level spacing. For example, the 1D subband spacing is reported to be only 8.4 meV at B ⊥ = 4 T when the 2D Landau level spacing is already 11.9 meV. 8 Thus we suggest that the value of |g * | reported in Ref. 8 has been underestimated, which explains why no enhancement was observed. In contrast, our data are obtained with an in-plane magnetic field in the absence of Landau quantization. Our measurements show an enhancement of the g-factor as the QPC becomes more one-dimensional in agreement with previous results in 1D GaAs systems. 10, 11, 12, 13 In summary, we have demonstrated that 1D confinement in a narrow-gap semiconductor such as GaInAs can result in a significant enhancement of the Zeeman splitting. Although the enhancement in |g * | is consistent with the trend observed in GaAs QPCs, 10,11,12,13 the magnitude of |g * | measured for GaInAs QPCs is six times greater. Additionally, the subband spacing in our devices is quite large. 15 Combined, the large g-factors and subband spacings found in etched GaInAs QPCs make them suitable for applications requiring spin-sensitivity at higher temperatures and with small magnetic fields.
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TABLE I: Subband-dependent parameters of the QPC: subband spacing ∆E n,n+1 , subband splitting rates δV g /δB and eδV sd /δV g , and effective Landé g-factor |g * |.
∆E n,n+1 (meV) 13.1 ± 0.5 11.1 ± 0.5 9.9 ± 0.5 
